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© The disclosed substance has a composition of 
YxBayCuOx. wherein x » 0.2-0.5 y = 0.2-0.5 and 
2 «1 + y + (3/2)x, with a face-centered tetragonaJ cry- 
stalline structure of - perovsWte type. When being 
cooled at 85-135 K, the structure of the substance 
starts to transform and Its electric resistance dis- 
appears at a temperature higher than 47 K so that 
the substance becomes superconductive. 
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SUPERCONDUCTIVE SUBSTANCE 



This invention relates to a superconductiv 
substance whose electric resistance disappears at 
a low temperature. More particularly, the invention 
relates to a so-called high-temperature supercon- 
ductor which can be made superconductive by 
liquid nitrogen coolant 

With conventional superconductors, cooling by 
costly liquid helium (whose boiling point is 4.2 K) at 
very low temperatures is indispensable. Practical 
use of the superconductor has been restricted only 
to very special cases due to the high cooling cost 
and the limited availability of helium resources in 
certain countries. 

The superconductive substance which has the 
highest critical temperature so far has been con- 
firmed to be Nb 3 Ge. Its critical temperature (i.e. 
transformation-starting temperature) Tc Is 23.6 K 
which is not high enough to be achieved by cooling 
with liquid nitrogen (whose boiling point is 77 K). 

ft has been reported that superconductors 
made of oxides of La-(Ba, Sr)-Cu system have a 
transformation temperature in a range of 25-45 K. 
However, the temperature at which the electric 
resistance of the above oxides completely dis- 
appears Is about 25 K. With the above oxides, that 
temperature at which they start to become super- 
conductive is lower than the nitrogen boiling point 
(i.e., 77 K), and the highest of such 
superconductivity-starting temperatures reported in 
Japan is 54 K. Thus, such substance which starts 
to become superconductive at a temperature above 
the nitrogen boiling point of 77 K has not been 
developed yet 

Heretofore, the coolant for producing supercon- 
ductivity has been limited to either Bquid helium at 
very low temperatures or liquid hydrogen (whose 
boiling point is 20 K). Helium is expensive, and 
liquid hydrogen Is dangerous to handle. Accord- 
ingly, there has been a need for such new super- 
conductive substance of which critical temperature 
for superconductivity is so high that the material 
can be cooled by liquid nitrogen. Liquid nitrogen 
(whose boiling point under atmospheric pressure is 
77 K) as a coolant Is much cheaper than liquid 
helium and safer than liquid hydrogen. 

Generally speaking, the following conditions 
must be met in order to confirm the superconduc- 
tivity of a substance. 

(a) In addition to the data on electric resis- 
tance, the structure of the substance is clearly 
identified. 

(b) The properties of the substance are sta- 
ble and the results of tests on them are reproduc- 
ible.* 



(c) Th electric resistance rapidly reduces 
with temperature reduction over a range of a few 
degrees from a certain temperature 
(superconductive transformation-starting tempera- 

6 ture). 

(d) The substance shows the Meissner ef- 
fects, namely perfect diamagnetism, that is peculiar 
to the superconductive phenomenon. 

(e) Related physical properties, such as the 
70 magnetic susceptibility, the critical current, and the 

critical magnetic field intensity, of the substance 
are measured and proved. 

No superconductive substance having a high 
critical temperature suitable for liquid nitrogen cool- 

75 ant while meeting all of the above five conditions 
has been found yet Thus, such superconductive 
substance which is practically usable at a tempera- 
ture above the nitrogen boiling point has not been 
developed yet 

20 Therefore, an object of the invention is to ob- 
viate the above-mentioned limitation of the conven- 
tional superconductive substances, such as La-(Ba, 
Sr)-Cu-0 type substance, in that their transforma- 
tion for superconductivity cannot be started at a 

25 temperature higher than the boiling point of nitro- 
gen. 

An object of the present Invention is to provide 
an economical and practical superconductive sub- 
stance whose transformation starts at 85-137 K, 

30 i.e.. above the nitrogen boiling point 77 K, and 
whose electric resistance disappears at 47-69 K so 
as to become superconductive. 

The Inventors have carried out a series of 
studies on superconductive substances, and suc- 

35 ceeded in selecting practicable high-temperature 
super conductors from oxides of yttrium-barium- 
copper-oxygen (Y-Ba-Cu-O) type (mixtures of ox- 
ides having various crystal structures). The struc- 
ture of the selected superconductor was identified, 

40 and the inventors confirmed that their supercon- 
ductive transformation-starting temperature was 
above 77 K and their electric resistance disap- 
peared at a temperature above 47 K. The selected 
superconductive substance can be cooled by a 

45 coolant having a boiling point of 77 K or higher. 
Thus, the inventors have fulfilled the above-men- 
tioned object of the invention. 

A superconductive substance according to the 
invention is made of ceramics which mainly con- 

50 sists of a composition given by a general formula 
of Y x BayCuOz, wherein x is a constant of 0.2 to 0.5, 
y is a constant of 0.2 to 0.5, and z»1 + y + 1.5x. 
The substance has a face-centered tetragonal cry- 
stalline structure of perovskite type with lattice pa- 
rameters a, b and c under conditions of a = b*c 
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and an axiai angle of 90 degrees. When the sub- 
- stance is cooled from a temperature above the 
boiling point of nitrogen (77 K). the material starts 
to transform at 85-137 K and electric resistance of 
the substance disappears at a temperature higher 
& than 47 K so that the substance becomes super- 

conduction. 

In the superconductive substance according to 
the Invention, if the above constant x is smaller 
than 0.2, the superconductivity of the substance 
cannot be produced, while if it Is larger than 0.5, its 
superconductivity is deteriorated. In the substance, 
yttrium (Y) may have a valence three, and barium 
(6a) may have a valence two, and copper (Cu) may 
have a valence two in the main while allowing 
possible coexistence of copper of valence 3. 

When a mixture consisting of the ingredients of 
the above-mentioned general formula according to 
the invention is sintered (or shaped under pressure 
and subjected to secondary sintering), the sintered 
substance may cr may not have the same chemi- 
cal composition as that of the starting mixture. The 
content of oxygen may change depending on the 
atmosphere. It should be noted that both of the 
composition after the above change due to sinter- 
ing and the oxygen content after the above change 
depending on the atmosphere are within the scope 
of the invention. 

Referring to the above general formula, a part 
of barium in it may be replaced with a substance 
which mainly consists of an element with a valence 
two. such as strontium (Sr). 

What is meant by the clause "mainly consist- 
ing of in the present invention is that the element- 
(s) specified by such clause represent(s) m^jor 
portions of the relevant substance, and the scope 
of the invention does not exclude presence of other 
unspecified ingredients or metals in such an 
amount that their presence causes no harmful ef- 
fects on the crystal structure of the substance and 
does not Interfere with the object of the Invention. 

In short the ceramics material mainly consist* 
Ing of the composition of the above general formula 
starts Its transformation into superconductor at a 
higher critical temperature than that of conventional 
superconductors, more particularly at a tempera- 
ture higher than 77 K which is the boiling point of 
liquid nitrogen. 

For a better understanding of the invention, 
reference is made to the accompanying drawing, in 
which: 

Fig. 1 is a graph showing the relation be- 
tween the electric resistance of oxides of Y-Ba-Cu- 
O system of the invention and the temperature; 

Fig. 2 is a graph showing the temperature- 
dependent characteristics of the electric resistance 
of oxide pellets of Y-Ba-Cu-0 system; 



Fig. 3 and Fig. 4 are graphs showing the 
relation between the electric current density in ox- 
ide pellets of Y-Ba-Cu-0 system and voltage there- 
of; 

5 Fig. 5A, Fig. 5B and Fig. 5C are curves 

showing x-ray diffraction patterns of Specimens of 
the superconductive substance of the invention; 

Fig. 6A shows curves representing those flux 
meter output patterns which demonstrate the 

io superconductivity of the oxides of Y-Ba-Cu-0 sys- 
tem; 

Fig. 6B shows curves representing those flux 
meter output patterns which demonstrate the para- 
magnetism of the oxides of Y-Ba-Cu-0 system 
75 under the absence of the superconductivity; 

Fig. 7 Is a graph showing the magnetization 
the oxides of Y-Ba-Cu-0 system in terms of the 
flux meter Output peaks of Fig. 8A and Fig. 6B for 
both the superconductive conditions and the regu- 
20 lar conductive conditions: 

Fig. 8 is a graph showing the temperature- 
dependent characteristics of the electric resistance 
of the oxide of Y-Ba-Cu-0 system when a current 
1 = 0.2 mA is applied thereof with a magnetic field 
28 H « 1 kOe and without any magnetic field H - 0; 

Fig. 9 is a graph showing the temperature- 
dependent characteristics of the electric resistance 
of the oxide of Y-Ba-Cu-O system when a current 
1=0.52 mA is applied thereto while a magnetic field 
30 H = ±27 kOe is applied at 81 K but removed there- 
after and 

Fig. 10 is a graph showing the temperature- 
dependent characteristics of the electric resistance 
of the oxide of Y-Ba-Cu-O system when a current 
36 therethrough is reduced to I * 0.023 mA without any 
magnetic field, i.e.. H « 0, . 

The invention will be now described in further 
detail by referring to embodiments, but it should be 
understood that the Invention is not restricted by 
40 the embodiments. 



Embodiment 1: 

45 Specimens of yttrium-barium-copper-oxygen 
system according the above general formula were 
prepared, in which x was 0.294 and y was 0.336. 
More particularly, calculated amounts of reagents 
of special grade, powders of Y,0» BaCO* and CuO 

so were measured and mixed. The mixture was 
placed in a crucible or a crucible-shaped alumina 
vessel, so as to be burnt for about two hours at 
800-850 °C in an electric furnace. The burnt mixture 
was formed into pellets by a press under a pres- 

55 sure of about 4 Kbar, and the pellets were sintered 
for approximately one hour at about 800° C. 

The superconductive transformation tempera- 
ture of the Specimens thus prepared were checked 
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by measuring their electric resistance. The trans- 
formation into superconductivity was found to start 
at 85 K. and it was proved that complete zero 
electric resistance prevailed at temperatures below 
45 K. Analysis by x-ray diffraction method showed 
that the Specimens had a crystal structure which 
was close to that of the perovskite type. 

Fig. 1 shows the variation of the electric resis- 
tance in response to temperature change for Speci- 
men 1 (Yo^Bao^Cu.) -and Specimens 2A. 2B 
(Yo^BaiuasCui). The Specimens were prepared 
by burning, shaping and sintering the ingredient 
materials in the above-mentioned manner. The ab- 
scissa of the figure represents the absolute tem- 
perature (K), while its ordinate represents the elec- 
tric resistance (Q). As can be seen from the figure, 
the superconductive transformation-starting tem- 
perature of the Specimens 1, 2A and 2B was 85 K, 
and tfieir electric resistances became zero at 50 K. 
Thus, it was confirmed that the Specimens 1, 2A 
and 2B were superconductors as far as the electric 
resistance was concerned. 



Embodiment 2: 

Oxides of yttrium-barium-copper-oxygen (Y-Ba- 
Cu-O) system were made by heating starting mix- 
tures at 800-900 °C for 2 hours, and the burnt 
mixture were shaped into pellets by a press at an 
elevated pressure of 4 Kbar, and the pellets were 
sintered for two hours by reheating at 800° C. Dif- 
ferent Specimens were prepared by using different 
(Y, Ba):Cu ratio in the starting mixture. The (Y v Ba)- 
:Cu ratio for producing good superconductivity Is 
about 0.8:1. Among the Specimens thus prepared, 
those having a composition outside the above ratio 
were almost insulators and did not show supercon- 
ductivity. Specimen 1 with a composition of 
Yo^Bao^aCu. showed superconductivity as illus- 
trated in Fig. 2. 

Specimens 2A and 2B with a like composition 
of Y a3M Bao.33aCu, showed superconductivity and 
their transformation temperature was almost the 
same as that of Specimen 1. 

On the other hand. Specimen 3 made from a 
starting mixture with a composition of 
Ya4iiBa0^3eCu, turned out an insulator. The color 
of Specimen 3 was greenish black and it was 
different from the black color of Specimens 1 and 
2. In th case of black Specimens 1 and 2, a large 
number of several urn long metal-like fine crystals 
with metallic luster were observed. Conventional 
La-Sr-Cu-0 oxides do not have such metallic luster. 
Specimens 1 and 2 had a resistivity of 60 mQ cm 
at room temperatures, and their superconductive 
transformation-starting temperature was 85 K. 

The low temperatures of Fig. 1 and Fig. 2 were 



measured by using a silicon diode sensor having 
graduations which were calibrated by a graduated- 
indicator type platinum resistance thermometer on 
the market The resistances of Specimens were 

s measured by the four-probe method. Four probes 
were applied to one surface of a rectangular piece 
(7 mm * 6 mm x 0.8 mm) by silver paint which 
rectangular piece was cut out of a pellet of each 
Specimen. The intermediate point of the supercon- 

ro ductivrty was about 65 K. In the case of Specimens 
1 and 2, it was observed that when the current 
density was 21 mA/cm 2 , the electric resistance 
completely disappeared at 45 K. 

A common Ba:Cu ratio was used in both Speci- 

75 mens 1 and 2. Any change in the Ba:Cu ratio was 
found to affect the superconductivity. 

The somewhat slow reduction of resistance of 
Fig. 1 In a region below the superconductive 
transformation-starting temperature appear to be 

20 related to the presence of weak linkage among 
small superconductors produced by the powder 
method. The maximum resistivities of Specimens 
1, 2A and 2B were 76. 250 and 242 mQ cm respec- 
tively. This result was the same during the cooling 

25 run and the heating run. 



Embodiment 3: 

so The critical current of the above Specimens of 
the oxides of Y-Ba-Cu-O system were measured in 
order to confirm the characteristics of the high 
transformation-starting temperature Tc thereof. It 
was found that when the apparent resistance was 

35 zero at 9.5 K, the critical current density Jc for the 
sintered Specimens was about 1.7 Acm 2 . For cur- 
rents with a current density smaller than the above 
critical value Jc the resistivity of the Specimens 
was less than 2.3 UQ cm. 

40 Judging from the result of x-ray diffraction ana- 
lysis. The fundamental crystal structure of the 
Specimens was of the perovskite type. Eight units 
of the perovskfte-type structures formed a unit cell 
of face-centered tetragonal crystal structure with 

45 the following lattice parameters: 
a » b - 7.83 * 0.02 A 
c - 7.72 ± 0.03 A 

The measurement of D.C. resistivity of the sin- 
tered Specimens showed that the resistivity started 
so to reduce at the transformation-starting critical tem- 
perature 85 K, and its value at the medium point 65 
K was one half of that at 85 K, and the resistance 
disappeared completely at temperatures below 45 
K. 

55 However, the resistance disappearance does 

not necessarily provide full support for the pres- 
ence of superconductivity. As a first step to identify 
the properties of the substance of the Specimens, 
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their current-voltage characteristics at temperatures 
betow 92 K was measured. The result proved that 
their characteristics curve was the same as that of 
suprconductors. 

The x-ray diffraction analysis indicated that the 
crystal structure of the Y-Ba-Cu-0 system oxides 
was not of laminar perovskite type but it was of 
tetragonal perovskite type in the main. 



[Critical current] 

Sintered specimens for the critical current 
measurement were the same as those for resistivity 
measurement i.e. Specimen 1 of Fig. 1. The 
Specimens and a graduated indicator type silicon 
diode thermometer were placed in a test vessel 
which was filled with helium gas. The distance 
between the voltage probes was about 0.25 cm, 
and the cross-section of the current path was about 
G;5 cm by 0;0S cm. The largest resistivity mea- 
sured Immediately before reaching the 
transformation-starting critical temperature 85 K 
was 76 ma cm (mil II ohm centimeter). Fig. 2 illus- 
trates the measured behavior of the resistance of 
one Specimen over the entire temperature range 0* 
300 K with a current density of 21 mA/cm 2 . 

Fig. 3 shows the current-voltage (l-V) charac 
terlstic curves of the Specimen measured at tem- 
peratures 9.5 K, 12 K, 22 K and 44 K. At such 
temperatures of Fig. 3, the resistance of the Speci- 
men could become below the measurable limit In 
the case of 9.5 K. the output voltage remained 
below the measurable limit 1 uV until the current 
increased up to 82 mA. Consequently, the critical 
current Jc for 9.5 K was determined to be Jc=»1.7 
mA/cm 2 , The resistivity of the Specimen should 
have been 2.3 UQ cm for current densities below 
the above critical value Jc. The critical current 
reduced with the increase of the temperature. 

Rg. 4 depicts the l-V characteristic curves of 
the Specimen measured at temperature 51 K, 65.2 
K and 81 K. At such temperatures of Rg. 4, the 
resistivity of the Specimen assumed finite values 
for a current density of 21 mA/cm 2 . It was found 
that the Specimen was a regular conductor at 91.8 
K regardless of the current density used. The out- 
put voltage assumed finite values at the above 
temperatures even when the current density was 
reduced to the minimum 2.1 mA/cm 2 in the mea- 
surement 

When the zero resistance state was lost due to 
the current increase or the temperature rise, the l-V 
characteristics curve becam super-linear as can 
be seen from Rg. 3 and Rg. 4. Such l-V char- 
acteristics agrees with that of superconductor. The 
mechanism of the super-linear portion of the l-V 
characteristics appears to be as follows; namely, as 



the current Increases, segments in the supercon- 
ductive path turn into normal state one by one so 
as to join continuously to the normal path. Thereby 
the total resistance increases. 
5 The above test result of the current density 

alone does not necessarily prove the present of a 
superconductor. However, the Inventors consider 
that at least a part of the conditions for the super- 
conductivity is satisfied. 

10 

[Structure] 

The structure of Specimen pellets, which were 

75 taken from the same batch as the Specimens for 
the above resistivity measurement, was checked 
by the x-ray powder pattern method at room tem- 
perature. Their composition was identified as 
YoawBaojasCuOx. For reference, x-ray diffraction 

20 patterns of Specimens without zero-resistance phe- 
nomenon, namely Specimens with compositions of 
Yg^CuOx and Y 0 . 411 Baoj3«CuO K were measured. 

The outside surface of the Specimen was light 
green. Similar measurement concerning the struc- 

25 ture was taken on powders of Y a O* BaO and CuO 
which might have remained in the Specimen as 
residuals of starting material. The measurement 
was carried out by using an x-ray diffraction meter 
and CuKox-ray which are common for polycrystaJ 

30 materials. 

Rg. 5A shows a diffraction pattern for Speci- 
men of Yq^CuOjc composition, and Rg. SB shows a 
diffraction pattern for Specimen of 
Yo.4iiBa<u36CuOx. while Rg. 5C shows a diffraction 

35 pattern for the Specimen of the Invention with a 
composition of Yo^Bao^sCuOx. The predominant 
peaks in the superconductive Specimen were iden- 
tified by using the face-centered tetragonal crystal 
lattice with cell parameters of 

40 a » b « 7.83 * 0.02 A 
c - 7.72 i 0.03 A 
and CuO lattice. The tetragonal cell may be as- 
sumed to be composed of eight ceils (2*2*2) of 
Y^Ba^CuO, with perovsklte-type structure. The 

45 reasons for such assumption are as follows: 

(1) The cell parameters were about twice as 
large as those of a regular crystal of perovsklte- 
type structure. 

(2) Despite the presence of a considerable 
so amount of residual CuO, the content of CuO crystal 

lattices In the Specimen was less than that in the 
starting material with a ratio (Y, Ba):Cu ■ 0.63:1. 

If the crystal structure of the present Specimen 
is to have a face-centered symmetry, the 
55 perovskite-type lattice must change, even when the 
zone boundary phonon with a wavelength vector 
Q*(0.5. 0.5. 0.5) freezes. The most likely mode of 
atomic dislocation is the rotation of oxygen octahe- 
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dron with respect to its axis C. 

in diffraction patterns of Rg. 5A, Fig. 5B and 
Fig. 5C, the symbols Y, C, B and S respectively 
designate peaks for Y t O„ peaks for CuO, peaks for 
BaO and peaks for that substance which rules the 
Specimen capable of showing zero resistance. 

The diffraction peak S of the Specimen whose 
superconductivity was identified was also found in 
the non-superconductive reference Specimen with 
a small barium content as shown in Rg. SB. How- 
ever, the diffraction peak S disappeared in the 
pattern of the Y 0 ^CuO K Specimen, as shown in Rg. 
5A. Thus, It is inferred that the composition Yi. 
x Ba x CuO x can show the superconductivity and that 
the unit cell of face-centered tetragonal crystal 
structure is composed of eight units of perovskite- 
type structure. However, the inventors do not deny 
such possibility that other phases existing in small 
quantities in the Specimen may become truly 
superconductive. 

ft is emphasized again that the substance of 
Rg. 5C showed the disappearance of electric resis- 
tance. 



Embodiment 4: 

The Inventors found a new superconductor 
having a high transformation critical temperature 
Tc. The superconductor starts its transformation for 
superconductivity at 85 K, and its transformation 
critical temperature Tc for realizing the completely 
zero resistance state is high. The critical current 
and the crystal structure of such superconductor 
have been checked as described in the above. 

However, it is further necessary to confirm the 
presence of complete diamagnetism is order to 
prove the occurrence of superconductive phenom- 
enon. To provide a direct evidence of the complete 
diamagnetism at least in a part of fine powder of Y- 
Ba-Cu-0 system oxides, tests were made on such 
oxide powder at 4.2 K by using a meter of micro- 
wave SQUID (superconducting quantum interface 
device) type. 

The Specimens of the Y-Ba-Cu-O system ox- 
ides for the diamagnetism tests were the same as 
those used in the above-described tests on resistiv- 
ity, critical current and crystal structure. The re- 
sistivity of the Specimen at the transformation- 
starting temperature was in a range of 78 to 242 
mQ cm, and their crystal structure was of perov- 
skite type in the main as determined by the x-ray 
diffraction method. 

The magnetostatic induction of the Specimen 
was measured by a microwave SQUID meter which 
was adapted to operate by a bias frequency of 9- 
35 GHz. The meter was operated under the mode 
locked for Q-pattem. The band width of th SQUID 



system covered from D.C. to 200 KHz, and its 
rotating speed was about 10* *^sec. The measure- 
ment was carefully conducted by the microwave 
SQUID meter while using some reference Speci- 
5 mens made of dlamagnetic leads. Rg. 6A, Rg. 6B 
and Rg. 7 show the results. 

Tracings of both typical signals induced by the 
strong dlamagnetic magnetization in the substan- 
tially spherical Specimen of the Y-Ba-Cu-O oxides 

70 and reference signals induced by a completely 
dlamagnetic Specimen of lead (Pb) are shown in 
the figures. Static dlamagnetic induction X (H, T) 
can be determined by using the derivative of the 
magnetic susceptibility M (H, T) as a function of 

75 the magnetic field intensity H applied thereto. 

Rg. 8A shows the tracing of a typical output 
signal from the microwave SQUID meter produced 
by the magnetic susceptibility M of substantially 
spherical Specimen No. 16 made of a supercon- 

so ductor. Rg. 6B shows the tracing of a typical 
output signal from the same meter produced by 
the magnetic susceptibility M of Specimen No. 12 
made of insulating substance consisting of a Y-Ba- 
Cu-O oxide. The magnetic field intensity H was 

as 11.2 Oe in the case of Rg. 6A and 48 Oe in the 
case of Rg. 6B. Rg. 8C shows a reference signal 
from a ball-like Specimen of lead (Pb). 

Rg. 7 shows the dependence of the magnetic 
susceptibility on the magnitude of the magnetic 

30 field Intensify H applied thereto at temperature 4.2 
K for the two cases; namely, the substantially 
spherical Specimen No. 18 of superconductor con- 
sisting of Y-Ba-Cu-O oxide, and the Specimen No. 
12 of insulating substance consisting of Y-Ba-Cu-O 

35 oxide. 

The output signal from the Specimen No. 18 
clearly indicates a very large value. I.e., about 9%, 
of complete diamagnetism. The sign of Rg. 6A 
shows the diamagnetism. The output signal from 

40 the Specimen No. 12 indicates paramagnetism. 
Rg. 7 is a graph prepared by plotting the magnetic 
susceptibilities M of the Specimens No. 12 and No. 
18 as a function the magnetic field Intensity H 
applied thereto. 

45 Since the Specimens were sintered, there was 
certain difficulty in carrying out the measurement 
and analyzing the result Nevertheless, it is noted 
that the measurement of the magnetic susceptibil- 
ity M is sensitive only to the net magnitude of the 

50 integrated value. Accordingly, the inventors con- 
cluded that the new compound of Y-Ba-Cu-O oxide 
type contained a large amount of strong dlamag- 
netic portions. 

Thus, the presence of complete diamagnetism 

55 in the superconductive Y-Ba-Cu-O oxide substance 
with a high transformation-starting critical tempera- 
ture Tc was proved by a direct evidence provided 
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by the observation of the magnetic induction. In 
short the presence of the Meissner effect in at 
least a part of the above superconductive oxide 
substance was confirmed. 



Embodiment 5: 

The inventors checked the effect of the mag- 
netic field on the superconductive critical tempera- 
ture of the above-mentioned Y-Ba-Cu-O oxide sub- 
stance. When a magnetic field H of 1 kOe was 
applied to the above-mentioned Y-Ba-Cu-0 oxide 
substance at a temperature higher than its 
transformation-starting temperature Ton»t. the 
transformation-starting temperature Ton** increased 
from 85 K. for the case without the magnetic field, 
to 105 K. ft was also observed that once the 
magnetic field H is applied to the oxide substance, 
the effect of increasing the transformation-starting 
temperature To*** was maintained under certain 
conditions even after the magnetic field was re- 
moved. 

• More particularly, Specimens of the Y-Ba-Cu-0 
oxide substance were prepared In the foregoing 
Embodiments so as to confirm the presence of 
zero resistance and complete diamagnetism in the 
oxide substance and to determine its crystal struc- 
ture. 

To check of the effect of Magnetic field. Speci- 
mens of the Y-Ba-Cu-0 oxide substance were pre- 
pared from the starting material of a composition 
Yo^Bao^saCu.O by the same method as de- 
scribed above by referring to Embodiments 2 and 
3. The Specimen of this Embodiment was in the 
form of a pipe with substantially rectangular parallel 
ends. An electric current path thereof had a cross 
section of about 0.2 cm by 0.7 cm, and the dis- 
tance between voltage probes was about 0.3 cm. 
The critical current of the Specimen for causing 
finite electric resistance was about 11 mA at the 
helium temperature. To minimize the temperature 
gradient between the Specimen and the platinum 
thermometer, both the Specimen and the thermom- 
eter were placed in a hermetic specimen chamber 
made of copper. The magnetic field was applied in 
th direction of the flow of electric current 

Fig. 8 shows that application of magnetic field 
to the superconductive substance causes a consid- 
erable shift of its transformation-starting tempera- 
ture Ton,*. Without any magnetic field H, the resis- 
tance R of the superconductive substance started 
to reduce at about 86 K 0^ = 86 K), and the 
resistance R disappeared at 46 K (T aro = 46 K). 
When no magnetic field was applied (H=»0), the R- 
T curve. i.e. t the resistance versus temperature 
characteristics, was the same for both cases of 
increasing the temperature and reducing the tem- 



perature, so that the R-T curve did not have any 
hysteresis. On the other hand, when a magnetic 
field of 1 kOe was applied to the Specimen at 135 
K which was a sufficiently higher than the 
s transformation-starting temperature Ton**t under the 
condition of no magnetic field (H=»0), the resis- 
tance started to reduce at 94 K (T ottMMt = 94 K) in 
case of temperature-reducing sweep and at 105 K 
font* 3 105 K) in case of temperature-raising 

io sweep. Thus, a sizeable shift of the transformation- 
starting temperature Ton*** in response to the ap- 
plication of magnetic field was observed. 

The resistance-disappearing temperature 
(Tzsro) was reduced to 33 K with the magnetic field 

is H of 1 kOe for both the temperature-reducing and 
temperature-raising sweeps. This phenomenon 
may be due to possible decay of weak links which 
exist in the neighborhood of the resistance-disap- 
pearing temperature (TaJ for zero magnetic field 

20 (H = 0). 

When a magnetic field H of 5 kOe (H-5 kOe) 
was applied to the Specimen at 135 K, similar 
result as the above was obtained. The increase of 
the transformation-starting temperature Tom* for a 

25 comparatively strong magnetic field of H»0 kOe is 
not much different from that for a comparatively 
weak field of H»1 kOe. 

If the magnetic field H was removed and re- . 
duced to zero at 135 K, the resistance versus 

30 temperature curve for H = 0 as shown in Fig. 8 was 
recovered. 

The inventors checked the variation of the re- 
sistance of the Specimen of the substance of the 
invention as a function of magnetic field H applied 

35 thereto at a given constant temperature. With th 
temperature kept at 97 K, the magnetic field ap- 
plied to the Specimen was varied in a range of -31 
kOe * H S 4-31 kOe but there was no significant 
change in Its resistance. This phenomenon cannot 

40 be expected directly from the result of Rg. 8. and It 
does not exclude the dependence of the substance 
resistance on the history of magnetic field applied 
thereto. 

To directly check the memory effect after a 
46 magnetic field of H*±27 kOe was applied to the 
Specimen at 81 K, the magnetic field was removed 
and the temperature was reduced to the liquid 
helium temperature. When the temperature T was 
raised without applying any magnetic field H. the 
so transformation-starting temperature Ton** was shift- 
ed to 137 K as shown in Rg. 9. Further, when heat 
run was effected by raising and reducing the tem- 
perature repeatedly as shown by the solid line 
sweep of Rg. 9, the transformation-starting tem- 
55 perature T^ was 104 K. Thus, it was proved that 
the effect of the magnetic field H applied at tem- 
perature 88 K remained even after the removal of 
such magnetic field H. and the effect was main- 
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tained throughout the heat run in line with of the 
above temperature sweep after the magnetic field 
removal. 

The inventors also observed that both the 
transformation-starting temperature Tonsat and the 
zero-resistance temperature were shifted 

when a current I therethrough was reduced to a 
very low level under the absence of magnetic field 
H. Fig. 10 shows the resistance-temperature (R-T) 
curves when the current was reduced to 0.023 mA 
while applying no magnetic field (H=0), which 
curves represent two cases with different heat runs 
along different sweeps. The Specimen of Fig. 10 
was the same as that of Fig. 9. In the test result of 
Fig. 10. the transformation-starting temperature T^ 
nui was in a range of 94-107 K and the zero- 
resistance temperature Tan, was in a range of 54- 
69 K. Thus, the result of Fig. 10 for 1=0.013 mA is 
completely different from that of Fig. 9 for 1=0.52 
mA. 

In one of the two cases shown In Fig. 10, the 
transformation-starting temperature Tom* was 107 
K and the zero-resistance temperature Txm was 69 
K. The reason for such large shifts of both the 
transformation-starting temperature T^^^ and the 
zero-resistance temperature Tzm & not clearly 
known yet K may be due to the reduction of 
current I alone, or may be also due to other factors 
which have not yet been identified. 

The inventors have found the above-mentioned 
peculiar effects of magnetic field on the supercon- 
ductivity of the Y-Ba-Cu-O oxide substance, but 
satisfactory explanation of the mechanism of such 
peculiar effects is not possible yet The result of 
the above tests may indicate the need of introduc- 
tion of new approach for the analysis of the super- 
conductivity of the Y-Ba-Cu-0 oxide substance. 

The outstanding effects of the superconductive 
substance according to the present invention can 
be summarized as follows. 

(1) A superconductive transformation-starting 
temperature of higher than the liquid nitrogen boil- 
ing point (77 K) is achieved. Accordingly, super- 
conductivity can be produced in a much easier 
manner than before, and it can be applied to a 
wide variety of electric and magnetic equipments. 

(2) The oxide of the invention is stable even 
when heated at a high temperature of 500-550° C in 
air. Thus, the superconductive substance consist- 
ing of such oxide is comparatively free from limita- 
tions in the process of manufacturing various ap- 
paratus therefrom. 

(3) In view of Its high transformation-starting 
temperature in the proximity of the liquid nitrogen 
boiling point, the superconductive substance is 
suitable for devices using the high transformation- 
starting temperature, such as Josephson elements. 



(4) Being capable of starting the supercon- 
ductiv state at a temperature higher than the 
liquid nitrogen boiling point th substance of the 
invention can provide the superconductivity more 

5 economically than by the conventional liquid he- 
lium method and more safely than by the conven- 
tional liquid hydrogen method. 

Although the invention has been described with 
a certain degree of particularity, it is understood 

to that the present disclosure has been made only by 
way of example and that numerous changes in 
details may be resorted to without departing from 
the scope of the invention as hereinafter claimed. 

is 

Claims 

1. A superconductive substance made of ce- 
ramics which mainly consists of a composition g!v- 

20 en by a general formula of 

YxBayCuO* x being 0.2 to 0.5, y being 0-2 to 0.5, 
z*1 +y + 1.5x, 

25 said substance having a face-centered tetragonal 
crystalline structure of perovsldte type with lattice 
parameters a, b and c under conditions of a»b*c 
and an axial angle of 90 degrees, when being 
cooled from a temperature above boiling point of 

30 nitrogen, said substance starting to transform at 85- 
137 K and vanishing electric resistance thereof at a 
temperature higher than 47 K so as to becom 
superconductive. 

2. A superconductive substance as set forth in 
36 claim 1, wherein a part of barium (Ba) in the 

general formula is replaced with at least one ele- 
ment with a valence two. 

3. A superconductive substance as set forth in 
claim 1, wherein a part of barium (Ba) in the 

40 general formula is replaced with strontium (Sr). 
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FIG. 6 A 



Specimen NaI6, Substantially Spherical, 

dia. 0.7mm 

H*ll20e 




Underside 



Underside 



FIG. 6B 



Specimen No. 12 2mm x 1.9mm xQ5mm 
H*48 Oe 
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FIG.7 
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FIG. 9 
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